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(54) Deposit control additive for direct injection gasoline engines 



(57) Deposits in a direct injection gasoline engine 
are reduced by providing as fuel for the operation of said 
direct injection engine a fuel composition comprising the 
fuel-soluble reaction products obtained by reacting (i) a 
monocarboxyllc acid of the formula: 



wherein R 1 is a saturated or unsaturated, linear or 
branched, C^ B hydracarbyl group; and (ii) an amine of 
the formula NH 2 -CH 2 -CH2-NH-R2, wherein R 2 compris- 
es (CJri 2x Z)jH t wherein x = 2 or 3, y = 0-4 and Z = NH 
orO. 
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Description 

FIELD OF THE INVENTION 

s [0001] The present invention relates to new spark-ignition fuel compositions and methods for controlling, i.e. reducing 
or eliminating, deposits in direct Injection gasoline (DIG) engines. More particularly, the invention relates to fuel com- 
positions comprising a spark-ignition fuel and a fueLsoluble Injector deposit control additive comprising imidazolines, 
amides or mixtures of imidazolines and amides and the use of said fuel compositions in DIG engines to control injector 
plugging. 

10 

BACKGROUND OF THE INVENTION 

[0002] Over the years considerable work has been devoted to additives for controlling (preventing or reducing) de- 
posit formation in the fuel induction systems of spark-ignition internal combustion engines. In particular, additives that 

15 can effectively control fuel injector deposits, intake valve deposits and combustion chamber deposits represent the 
focal point of considerable research activities in the field and despite these efforts, further improvements are desired. 
[0003] Direct injection gasoline (DIG) technology is currently on a steep developmental curve because of its high 
potential for improved fuel economy and power. Environmentally, the fuel economy benefits translate directly into lower 
carbon dioxide emissions, a greenhouse gas that could contribute to possible global warming. 

20 [0004] Conventional multi-port injection (MPI) engines form a homogeneous premlxture of gasoline and air by in- 
jecting gasoline Into the intake port, while a direct injection gasoline engine injects gasoline directly into the combustion 
chamber like a diesel engine so that it becomes possible to form a stratified fuel mixture which contains greater than 
the stoichiometric amount of fuel in the neighborhood of the spark plug but highly lean in the entire combustion chamber. 
Due to the formation of such a stratified fuel mixture, combustion with the overall highly lean mixture can be achieved, 

25 leading to an improvement in fuel consumption approaching that of a diesel engine. 

[0005] Injection timing is controlled to match load conditions. The fuel control provides combustion of an ultra lean 
mixture of gasoline and air for higher fuel efficiency than diesel engines. Also, a compression ratio of about 12.0 com- 
pared to that of about 10.5 for multi portinjection engines delivers highervoiumetric efficiency and response, surpassing 
conventional MPI engine performance. 

30 [0006] There are a number of technical issues to be resolved with DIG technology, and one of them is injector per- 
formance with different gasoline fuels on the world market. Being located in the combustion chamber, DIG injectors 
are exposed to a much harsher environment than conventional spark-ignition engines with port fuel injectors (PFI). 
This more severe environment can accelerate fuel degradation and oxidation resulting in increased deposits. 
[0007] DIG technology promises about a third less carbon dioxide emissions than comparable conventional mulU- 

35 port injection. This is achieved with a 10-15% improvement in fuel consumption when operating in the homogeneous 
mode, and up to 35% when operating in the lean stratified mode. Fuel economy benefits also translate into fossil energy 
conservation and savings for the consumer. In addition, the DIG operation platform facilitates up to a 10% power 
increase for the same fuel burned in the equivalent MPI configuration. 

[0008] Current generation DIG technologies have experienced deposit problems. Areas of concern include fuel rails, 
40 injectors, combustion chamber (CCD), crankcase soot loadings, and intake valves (IVD). 

[0009] Fuel related deposits in DIG engines are an issue of current interest since this technology is now commercial 
in Japan and Europe. Fuel injector performance is at the forefront of this issue because the DIG combustion system 
relies heavily on fuel spray consistency to realize its advantages in fuel economy and power, and to minimize exhaust 
emissions. A consistent spray pattern enables more precise electronic control of the combustion event and the exhaust 
after-treatment system . 

[0010] There is a desire in the petroleum industry to produce a fuel suitable for use in both MPI and DIG engines, 
that is a fuel having effective IVD control for a MPI engine as well as a fuel having effective injector deposit control 
suitable far a DIG engine. Additives useful in reducing or controlling intake valve deposits in a MPI engine may have 
little or no effector even an adverse effect in controlling or reducing injector deposits in a DIG engine. Likewise, additives 
so useful in controlling or reducing injector deposits in a DIG engine may have little or no effect or even an adverse effect 
in controlling or reducing intake vafve deposits in a MPI engine. An object of the present invention is to provide fuel 
compositions that provide effective injector deposit control in DIG engines as well as providing fuel compositions which 
provide effective deposit control in both MPI and DIG engines. 

[0011] There are references teaching fuel compositions containing amines and amine derivatives compounds, for 
55 example, U.S. Patent Nos. 5,643,951; 5,725,612 and 6,176,886. However, none of these references teach the use of 
fuel compositions containing the amine compounds and derivatives of the present invention in direct injection gasoline 
engines or the impact such compounds have on deposits in these engines. 
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SUMMARY OF THE INVENTION 

[0012] The present invention is directed to a fuel composition comprising (a) a spark-ignition Internal combustion 
fuel; and (b) a fuel-soluble deposit control additive. Further, this invention is directed to methods of controlling deposits 
5 in direct injection gasoline engines. In another embodiment, the inventive composition is provided as an aftermarket 
or "top treat" composition. 

DETAILED DESCRIPTION OF THE INVENTION 
10 Deposit Control Additives 

[0013] The deposit control additives of the present Invention are made by the reaction of a monocarboxylic acid and 
a polyamine to produce imidazolines, amides or mixtures thereof. The monocarboxylic acids for use in the present 
invention are preferably of the formula: 



wherein is a saturated or unsaturated, linear, branched or cyclic, Cj_ 23 hydrocarbyl group. Suitable acids include 
2-ethylhexanoic acid, capric acid, myristic acid, palmitic acid, stearic acid, tall oil acids, linoieic acid, oleic acid, naph- 
thenic acids, as well as isomers and mixtures thereof. In a preferred embodiment, the acids used to form the reaction 
products of the present invention will contain low amounts of unsatu ration, preferably no unsaturation, such that the 
reaction products of the present invention have Iodine Values of 150 or less. As those skilled in the art will appreciate, 
Iodine Value is a measure of unsaturation. Preferably the reaction products will have an Iodine Value of 125 or less, 
more preferably 75 or less, even more preferably 25 or less and most preferably 5 or less. While the reaction products 
of the present invention effectively control Injector deposits in DIG engines, it is preferred to use reaction products 
having low Iodine Values in fuels that may or will be used In MPI engines. 

[0014] The polyamines suitable for use in the present invention are of the formula: NH 2 -CH r CH r NH-R 2 , wherein 
R 2 comprises (C^^)^, wherein x = 2 or 3, y = 0-4 and Z = NH or O. Representative polyamines include ethylene- 
diamine, diethyienetriamine, triethylenetetramlne, tetraethylenepentamine, hexaethyleneheptamlne, and 2-<2-amI- 
noethylamino) ethanol. 

[0015] The reaction products, (b), of the present invention are prepared by reacting a monocarboxylic acid and a 
polyamine under conditions suitable to form imidazolines, amides or mixtures thereof. The condensation reaction 
among the monocarboxylic acid and the polyamine may be conducted at a temperature typically in the range of from 
40 to 250 °C. The reaction can be conducted in bulk (no diluent or solvent) or in a solvent or diluent, for example, a 
hydrocarbon solvent. Water is evolved and can be removed by azeotropic distillation during the course of the reaction. 
In a preferred embodiment the mole ratio of monocarboxylic acid to polyamine will be in the range of 1 to 3. preferably 
1 to 2, more preferably 1 to 1.5, moles of monocarboxylic acid to 1 mole of polyamine. 

[0016] The above-described reaction products are preferably added to the fuel composition in an amount sufficient 
to provide control, including reduction or elimination of, deposits. For example, the reaction products are preferably 
added to the fuel In proportions effective to reduce the volume of injector deposits in a direct injection gasoline engine 
operated on said fuel containing said reaction products to below the volume of injector deposits in said engine operated 
in the same manner on the same fuel except that it is devoid of said reaction products. Economically, it is desirable to 
use the least amount of additive effective for the desired purpose. Typically, the reaction products of the present in- 
vention are present in an amount sufficient to provide 0.1 to 15, preferably 0.3 to 10, more preferably 0.5 to 7, and 
most preferably 0.5 to 5, pounds of additive per 1000 barrels of fuel. 

[0017] The fuel compositions of the present invention may contain supplemental additives in addition to the injector 
deposit control additives described above. Said supplemental additives Include dispersants/detergents, antioxidants, 
carrier fluids, metal deactivators, dyes, markers, corrosion inhibitors, blocldes, antistatic additives, drag reducing 
agents, demulsifiers, emulsifiers, dehazers, anti-Icing additives, antiknock additives, anti-valve-seat recession addi- 
tives, lubricity additives, surfactants and combustion improvers. 

[0018] The fuel compositions of the present invention may, and typically do, contain high molecular weight amine 
detergents. The amine detergents Include those well known in the art for use in fuels for MPI engines to control intake 
valve deposits. Suitable amine detergents for use In the present invention include nitrogen-containing derivatives of 
hydrocarbyl succinic acylating agents, Mannich condensation products, hydrocarbyl amines and polyetheramines. 
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When used, the amine detergents are typically present in an amount sufficientto control intake valve deposits and are 
typically present In an amount of from 5 to 100 pounds by weight of additive per thousand barrels by volume of fuel 
ro019] The nitrogen-containing derivatives of hydrocarbyl succinic acylatlng agents suitabte for use in the present 
invenuon include hydrocarbyl succinimides, succinamides, succinimide-amides and succinimde-esters. The nitrogen- 
containing derivatives of hydrocaroyl succinic acylating agents are typically prepared by reacung a hydroca ^sub- 
stituted succinic acylating agent with a polyamine. ..... ■ < 

[00201 The hydrocarbyl-substituted succinic acylatlng agents include the hydrocarbyl-substituted succkita acids the 
hydrocarbyl-substituted succinic anhydrides, the hydrocarbyl-substituted succinic acid halides (especially the ac.d flu- 
orides and acid chlorides), and the esters of the hydrocarbyl-substituted succinic acids and lower alcohols _ e.g.J hose 
containing up to 7 carbon atoms), that Is. hydrocarbyl-substituted compounds which can function as carboxylic acylatlng 
aaents Of these compounds, the hydrocarbyl-substituted succinic acids and the hydrocarbyt-substituted succinic an- 
hydrides and mixtures of such acids and anhydrides are generally preferred, the hydrocarbyl-substituted succinic an- 
hydrides being particularly preferred. . 
[00211 The acylating agent is preferably made by reacting a polyolefin of appropriate molecuterwe.g ht (with orwtfn£ 
chlorine) with malelc anhydride. However, similar carboxylic reactants can be employed such as malelc acid, fumaric 
acid malic acid, tartaric acid, itaconlc acid, itaconic anhydride, cltraconic acid, citraconlc anhydride, mesacomc acid, 
ethyimaleic anhydride, dimethylmaleic anhydride, ethylmaleic acid, dimethyimaleic acid, hexylmaleic acid, and the like, 
including the corresponding acid halides and lower aliphatic esters. 

100221 For example, hydrocarbyl-substituted succinic anhydrides may be prepared by the mermal reacbon of a i poly- 
olefin and malelc anhydride, as described, for example In U.S. Pat. Nos. 3.361.673 and 3,676 089 Altem^*. the 
substituted succinic anhydrides can be prepared by the reaction of chlorinated polyolefins wRh malelc anhydride as 
described for example, in U.S. Pat. No. 3.172.892. A further discussion of hydrocarbyl-substituted succinic anhydndes 
can be found, for example, in U .S. Pat. Nos. 4.234.435; 5.620.486 and 5.393.309. 

[00231 The mole ratio of malelc anhydride to olefin can vary widely. It may vary, for example, from 5: 1 to 1 5, a more 
Preferred range Is 3:1 to 1:3, preferably the malelc anhydride is used in stoichiometric excess, e.g. 1.1-5 moles maleic 
anhydride per mole of olefin. The unreacted maleic anhydride can be vaporized from the resultant reaction mixture. 
100241 Polyalkenyl succinic anhydrides may be converted to polyalkyl succinic anhydrides by using conventional 
reducing conditions such as catalytic hydrogenation. For catalytic hydrogenation. a preferred catalyst is pal tedium on 
carbon. Likewise, polyalkenyl succinimides may be converted to polyalkyl succinimides using similar reducing condl- 

[0025] The hydrocarbyl substituent on the succinic anhydrides employed in the invention is generally derived from 
polyolefins that are polymers or copolymers of mono-olefins, particularly 1 -mono-olefins. such as ethylene, propylene, 
butylene. and the like. Preferably, the mono-olefin employed will have 2 to about 24 carbon atoms, and more preferably, 
about 3 to 12 carbon atoms. More preferred mono-olefins include propylene, butylene. particularly Isobutylene, -oc- 
tene and 1-decene. Polyolefins prepared from such mono-olefins include polypropylene, polybutene. polyraobutene. 
and the polyalphaolefins produced from 1-octene and 1-decene. Q 1-aM « 
[00261 A particularly preferred polyalkyl or polyalkenyl substituent is one derived from polyisobutene Suitable 
polyisobutenes for use in preparing the succlnimide-acids of the present invention include those polyisobutenes that 
comprise at least about 20% of the more reactive methylvinylldene Isomer, preferably at least 50% and more preferably 
at least 70%. Suitable polyisobutenes include those prepared using BF 3 catalysts. The preparation of such 
polyisobutenes in which the methylvinylidene isomer comprises a high percentage of the total composition is descnbed 
in U.S. Pat. Nos. 4,152,499 and 4.605,808. 

[0027] Hydrocarbyl succinimides are obtained by reacting a hydrocarbyHsubstitued succinic anhydride, acid acid- 
ester or lower alkyi ester with an amine containing at least one primary amine group. Representative examples are 
given in U.S. Pat. Nos. 3.172.892; 3,202,678; 3.219,666; 3.272.746; 3.254.025. 3,216.936. 4,234.435; and 5.575,823 
The alkenyl succinic anhydride may be prepared readily by heating a mixture of olefin and maleic anhydnde to about 
180-220 °C The olefin Is preferably a polymer or copolymer of a lower monoolefin such as ethylene, propylene Iso- 
butene and the like. The more preferred source of alkenyl group Is from polyisobutene having a molecular weight up 
to 5000 or higher. In a still more, preferred embodiment the alkenyl is a polyisobutene group having a molecular weight 
of about 500-2000 and most preferably about 700-1500. 

[00281 Amines which may be reacted with the alkenyl succinic anhydride to form the hydrocarbyl-succ.nim.de Include 
any that have at least one primary amine group that can react to form an imide group. A few representative examples 
are- methylamine. 2-ethylhexylamlne. n-dodecylamine. stearylamine. N.N-dimethyl-prapanedlam.ne N-(3-aminopro- 
pynmorpholine. N-dodecyl propanediamine. N-aminopropyl piperazine ethanolamine. N-ethanol ethylene diamine and 
the like. Preferred amines include the alkylene polyamines such as propylene diamine, dipropylene tnamine, 
dK1.2-butylene)-triamine.tetra-(1,2-propylene)pentaamlne. u^h^in 
[00291 The most preferred amines are the ethylene polyamines which have the formula H 2 N(CH 2 CH 2 NH)„H wherein 
n is an integer from one to ten. These ethylene polyamines include ethylene diamine, diethylene triamine, methylene 
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tetraamlne, tetraethylene pentaamine, pentaethylene hexaamine, and the like, Including mixtures thereof In which case 
n is the average value of the mixture. These ethylene polyamines have a primary amine group at each end so can 
form mono-alkenylsuccinimides and bte-alkenyisuccinimldes. Thus especially preferred hydro carbyl succinimldes for 
use in the present invention are the products of reaction of a polyethylenepolyamine, e.g. Methylene tetramine or 
s tetraethylene pentamine, with a hydrocarbon substituted carboxylic acid or anhydride made by reaction of a polyolefin, 
preferably poryisobutene, having a molecular weight of 500 to 2,000, especially 700 to 1500, with an unsaturated 
polycarboxyiic acid or anhydride, e.g. malelc anhydride. 

[0030] The Mannich base detergents suitable for use in the present invention include the reaction products of a high 
molecular weight alkyi-substituted hydroxyaromatic compound, aldehydes and amines. The alkyl-substituted hy- 

10 droxyaromatic compound, aldehydes and amines used in making the Mannlch reaction products of the present inven- 
tion may be any such compounds known and applied In the art, In accordance with the foregoing limitations. 
[0031] The high molecular weight alkyl substituents on the benzene ring of the hydroxyaromatic compound are de- 
rived from polyolefin having a number average molecular weight (M n ) of from about 500 to about 3000, preferably from 
about 700 to about 2100, as determined by gel permeation chromatography (GPC). It is also preferred that the polyolefin 

15 used have a polydlspersrty (weight average molecular weight/number average molecular weight) in the range of about 
1 to about 4 {preferably from about 1 to about 2) as determined by GPC. 

[0032] The alkylation of the hydroxyaromatic compound is typically performed in the presence of an alkylating catalyst 
at a temperature in the range of about 0 to about 200 °C, preferably 0 to 100 °C. Acidic catalysts are generally used 
to promote Friedel-Crafts alkylation. Typical catalysts used in commercial production include sulphuric acid, BF 3 , alu- 

20 minum phenoxide, methanesulphonic acid, catlonic exchange resin, acidic clays and modified zeolites. 

[0033] Polyolefins suitable for forming the high molecular weight alkyl-substituted hydroxyaromatic compounds In- 
clude polypropylene, polybutenes. polyisobutylene, copolymers of butylene and/or butylene and propylene, copolymers 
of butylene and/or isobutylene and/or propylene, and one or more mono-olefinic comonomers copolymerizable there- 
with {e.g., ethyiene, 1-pentene, 1-hexene, 1-octene, 1-decene, etc.) where the copolymer molecule contains at least 

25 50% by weight, of butylene and/or isobutylene and/ar propylene units. The comonomers polymerized with propylene 
or such butenes may be aliphatic and can also contain non-aliphatic groups, e.g., styrene, o-methylstyrene, p-meth- 
ylstyrene, divinyl benzene and the like. Thus in any case the resulting polymers and copolymers used in forming the 
high molecular weight alkyl-substituted hydroxyaromatic compounds are substantially aliphatic hydrocarbon polymers. 
[0034] Polybutylene is preferred. Unless otherwise specified herein, the term "pDlybutylene'' is used In a generic 

30 sense to include polymers made from "pure" or "substantially pure" 1-butene or Isobutene, and polymers made from 
mixtures of two or all three of 1-butene, 2-butene and isobutene. Commercial grades of such polymers may also contain 
insignificant amounts of other olefins. So-called high reactivity polyisobutenes having relatively high proportions of 
polymer molecules having a terminal vinylldene group are also suitable for use in forming the long chain alkylated 
phenol reactant. Suitable high-reactivity polyisobutenes include those polyisobutenes that comprise at least about 20% 

35 of the more reactive methylvinylidene isomer, preferably at least 50% and more preferably at least 70%. Suitable 
polyisobutenes include those prepared using BF 3 catalysts. The preparation of such polyisobutenes in which the meth- 
ylvinylidene isomer comprises a high percentage of the total composition is described in U.S. PaL Nos. 4,152,499 and 
4,605,808. 

[0035] The Mannlch detergent may be made from a high molecularwelght alkylphenol oralkylcresol. However, other 
^o phenolic compounds may be used including high molecular weight alkyl-substituted derivatives of resorcinol, hydro- 
quinone, catechol, hydroxydiphenyl, benzylphenol, phenethyiphenol, naphthol, tolylnaphthol, among others. Preferred 
for the preparation of the Mannich detergents are the polyalkylphenol and polyalkylcresol reactants, e.g., polypropyi- 
phenol, polybutyiphenol, polypropyicresol and polybutyicresol, wherein the alkylgroup has a numberaverage molecular 
weight of about 500 to about21 00, while the most preferred aikyl group is a polybutyl group derived from polyisobutylene 
45 having a number average molecular weight in the range of about 700 to about 1300. 

[0036] The preferred configuration of the high molecular weight alkyl-substituted hydroxyaromatic compound is that 
of a para-substituted mono-alkylphenol or a para-substituted mono-alky! ortho-cresol. However, any hydroxyaromatic 
compound readily reactive in the Mannlch condensation reaction may be employed. Thus, Mannich products made 
from hydroxyaromatic compounds having only one ring alkyl subslituent, or two or more ring alkyl substituents are 
50 suitable for use in this invention. The long chain alkyl substituents may contain some residual unsaturation, but in 
general, are substantially saturated alkyl groups. 

[0037] Representative amine reactants Include, but are not limited to, alkylene polyamines having at least one suit- 
ably reactive primary or secondary amino group in the molecule. Other substituents such as hydroxyl, cyano, amido, 
etc.. can be present in the polyamine. in a preferred embodiment, the alkylene polyamine is a polyethylene polyamine. 
55 Suitable alkylene polyamine reactants include ethylenediamine, diethylenetriamine, triethylenetetramine, tetraethyl- 
enepentamine and mixtures of such amines having nitrogen contents corresponding to alkylene polyamines of the 
formula H 2 N-(A-NH-) n H, where A is divalent ethylene or propylene and n is an integer of from 1 to 10, preferably 1 to 
4. The alkylene polyamines may be obtained by the reaction of ammonia and dihalo alkanes, such as dichloro alkanes. 
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[0038] The amine may also be an aliphatic diamine having one primary or secondary amino group and at least one 
tertiary amino group In the molecule. Examples of suitable polyamlnes include N ( N.N",N'-tetraallcyldialkyienetriam nes 
(two terminal tertiary amino groups and one central secondary amino group), N.N,N\N--tetraalkyltrialkylenetetomlries 
(one terminal tertiary amino group, two internal tertiary amino groups and one terminal pnmary amino group). N.N.N . 
5 N" N'"-pentaalkyltrialkylenetetramines ( 0n e terminal tertiary amino group, two internal tertiary amino groups and one 
terminal secondary amino group). N.N-dihydroxyalkyl- alpha, omega-alkylenediamlnes (one terminal tertiary amino 
group and one terminal primary amino group). N.N.N'-trihydroxyalkyl- alpha, omega-alkylenedlamines (one terminal 
tertiary amino group and one terminal secondary amino group). tris(dialkylaminoalkyl)aminoalkylmethanes (three ter- 
minal tertiary amino groups and one terminal primary amino group), and similar compounds, wherein the alkyl groups 
10 are the same or different and typically contain no more than about 12 carbon atoms each, and which preferably contain 
from 1 to 4 carbon atoms each. Most preferably these alkyl groups are methyl and/or ethyl groups. Preferred polyamine 
reactants are N, N-dialkyl-alpha. omega-alkylenediamlne. such as those having from 3 to about 6 carbon atoms in the 
alkylene group and from 1 to about 12 carbon atoms in each of the alkyl groups, which most preferably are the same 
but which can be different. Most preferred is N.N-dimethyH ,3-propanediamine and N-methyl piperazme. 
is [0039] Examples of polyamlnes having one reactive primary or secondary amino group that can participate in the 
Mannlch condensation reaction, and at least one sterically hindered amino group that cannot participate directly in the 
Mannich condensation reaction to any appreciable extent include N-(tert-butyl)-1. 3-propanediamine, N-neopentyl- 
1. 3-propanediamine. N-(tert-butyl)-1-methyl-1.2-ethanediamine, N-(tert-butyl)-1-methyl-1.3-propanediamine, and 
3.5-di(tert-butyl)aminoethylpiperazine. ...... .. t , u 

zo [0040] Representative aldehydes for use in the preparation of the Mannlch base products Include the aliphatic alde- 
hydes such as formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde. valeraldehyde, caproaidehyde. heptal- 
dehyde. stearaldehyde. Aromatic aldehydes which may be used include benzaldehyde and salicylaldehyde. Illustrative 
heterocyclic aldehydes for use herein are furfural and thiophene aldehyde, etc. Also useful are formaldehyde-producing 
reagents such as paraformaldehyde, or aqueous formaldehyde solutions such as formalin. Most preferred is formal- 
25 dehyde or formalin. 

[0041] The condensation reaction among the alkylphenol. the specified amine(s) and the aldehyde may be conducted 
at a temperature typically in the range of about 40° to about 200° C. The reaction can be conducted in bulk (no diluent 
or solvent) or in a solvent or diluent. Water is evolved and can be removed by azeotropic distillation during the course 
of the reaction. Typically, the Mannich reaction products are formed by reacting the alkyl-substituted hydroxyaromatic 
30 compound, the amine and aldehyde In the molar ratio of 1.0:0.5-2.0:1.0-3.0, respectively. 

[0042] Suitable Mannich base detergents for use in the present invention include those detergents taught in U.S. 
Patent Nos. 4.231.759; 5.514.190; 5.634.951; 5,697.988; 5.725.612; and 5.876.468. the disclosures of which are in- 
corporated herein by reference. 

[0043] Hydrocarbyl amine detergents are known materials prepared by known process technology. One common 
35 process involves halogenation of a long chain aliphatic hydrocarbon such as a polymer of ethylene, propylene, butylene. 
isobutene. or copolymers such as ethylene and propylene, butylene and isobutylene, and the like, followed by reaction 
of the resultant halogenated hydrocarbon with a polyamine. If desired, at least some of the product can be converted 
into an amine salt by treatment with an appropriate quantity of an acid. The products formed by the halogenation route 
often contain a small amount of residual halogen such as chlorine. Another way of producing suitable aliphatic 
40 polyamines involves controlled oxidation (e.g.. with air or a peroxide) of a polyolefin such as polyisobutene followed 
by reaction of the oxidized polyolefin with a polyamine. For synthesis details for preparing such aliphatic polyamine 
deteraent/dlspersants. see for example U.S. Pat. Nos. 3.438.757; 3,454.555; 3.485.601; 3.565.804; 3.573,010; 
3 574 576; 3.671.511; 3.746.520; 3.756.793; 3.844.958; 3.852.258; 3.864.098; 3.876,704; 3.884.647; 3.898.056; 
3'.950.426; 3.960.515; 4,022.589; 4,039,300; 4.128.403; 4.166.726; 4.168.242; 5.034.471 ; 5.086.115; 5.112.364; and 
45 5124 484- and published European Patent Application 384.086. The disclosures of each of the foregoing documents 
are incorporated herein by reference. The long chain substituent(s) of the hydrocarbyl amine detergent most preferably 
contain(s) an average of 40 to 350 carbon atoms in the form of alkyl or alkenyl groups (with or without a small residual 
amount of halogen substitution). Alkenyl substituents derived from poly-alpha-olefin homopolymers or copolymers of 
appropriate molecular weight (e.g.. propene homopolymers. butene homopolymers. C3 and C 4 alpha-olefin copoiy- 
so mere, and the like) are suitable. Most preferably, the substrtuent is a polyisobutenyl group formed from polyisobutene 
having a number average molecular weight (as determined by gel permeation chromatography) in the range of 500 to 
2000, preferably 600 to 1 800. most preferably 700 to 1 BOO. 

[0044] Polyetheramines suitable for use as the detergents of the present invention are "single molecule" additives, 
incorporating both amine and polyether functionalities within the same molecule. The polyether backbone can be based 
55 on propylene oxide, ethylene oxide, butylene oxide, or mixtures of these. The most preferred are propylene oxide or 
butylene oxide or mixture thereof to impart good fuel solubility. The polyetheramines can be monoamines, diamines 
or triamlnes. Examples of commercially available polyetheramines are those under the tradename Jeffamlnes™ avail- 
able from Huntsman Chemical company and the poly(oxyalkylene)carbamates available from Chevron Chemical Com- 
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pany. The molecular weight of the polyetheramlneswill typically range from 500 to 3000. Other suitable polyetheramines 
are those compounds taught In U.S. Patent Nos. 4,191,537; 4,236,020; 4,288,612: 5,089,029; 5 112 364" 5 322 529- 
5,514,190 and 5,522,906. ...... 

[0045] When formulating the fuel compositions of this invention, the injector deposit control additive (with our without 

s other additives) is employed in amounts sufficient to reduce or eliminate deposits including injector deposits and/or 
control soot formation. Thus the fuels will contain minor amounts of the Injector deposit control additive proportioned 
so as to prevent, reduce or eliminate formation of engine deposits, especially fuel Injector deposits. Generally speaking 
the fuel compositions of this invention will contain an amount of injector deposit control additive sufficient to provide 
from about 0.1-15, preferably 0.3-10. more preferably 0.5-7, most preferably 0.5 to 5, pounds by weight of additive per 

10 thousand barrels by volume of fuel. 

[0046] The base fuels used In formulating the fuel compositions of the present invention include any base fuels 
suitable for use in the operation of direct Injection gasoline engines such as leaded or unleaded motor gasolines, and 
so-called reformulated gasolines which typically contain both hydrocarbons of the gasoline boiling range and fuel- 
soluble oxygenated blending agents ("oxygenates 0 ), such as alcohols, ethers and other suitable oxygen-containing 

15 organic compounds. Preferably, the fuel Is a mixture of hydrocarbons boiling In the gasoline boiling range. This fuel 
may consist of straight chain or branch chain paraffins, cycloparafflns, olefins, aromatic hydrocarbons or any mixture 
of these. The gasoline can be derived from straight run naptha, poiymer gasoline, natural gasoline or from catalytically 
reformed stocks boiling in the range from about 80° to about 450°F. The octane level of the gasoline is not critical and 
any conventional gasoline may be employed in the practice of this invention. 

20 [0047] Oxygenates suitable for use in the present Invention include methanol, ethanol, isoprapanol, t-butanol, mixed 
to C 5 alcohols, methyl tertiary butyl ether, tertiary amyl methyl ether, ethyl tertiary butyl ether and mixed ethers. 
Oxygenates, when used, will normally be present in the base fuel in an amount below about 30% by volume, and 
preferably in an amount that provides an oxygen content in the overall fuel in the range of about 0.5 to about 5 percent 
by volume. 

25 [0048] In a preferred embodiment, the detergents are preferably used with a liquid carrier or induction aid. Such 
carriers can be of various types, such as for example liquid poly-a-olefin oligomers, mineral oils, liquid poiy(oxyalkylene) 
compounds, liquid alcohols or polyols, pofyalkenes, liquid esters, and similar liquid carriers. Mixtures of two or more 
such carriers can be employed. 

[0049] Preferred liquid carriers include 1) a mineral oil or a biend of mineral oils that have a viscosity Index of less 
30 than about 120, 2) one or more paly-a-olefin oligomers, 3) oneor more poly(oxyalkylene) compounds having an average 
molecular weight in the range of about 500 to about 3000, 4) polyalkenes. 5) polyalkyl-substituted hydroxyaromalic 
compounds or 6) mixtures thereof. The mineral oil carrier fluids that can be used include paraffinic, naphthenic and 
asphaltic oi Is, and can be derived from various petroleum crude oils and processed in any suitable mann er. For example, 
the mineral oils may be solvent extracted or hydrotreated oils. Reclaimed mineral oils can also be used. Hydrotreated 
35 oils are the most preferred. Preferably the mineral oil used has a viscosity at 40°C of less than about 1600 SUS, and 
more preferably between about 300 and 1 500 SUS at 40°C. Paraffinic mineral oils most preferably have viscosities at 
40 °C in the range of about 475 SUS to about 700 SUS. For best results, it is highly desirable that the mineral oil have 
a viscosity Index of less than about 100, more preferably, less than about 70 and most preferably In the range of from 
about 30 to about 60. 

40 [0050] The poly-cc-olefins (PAO) suitable for use as carrier fluids are the hydrotreated and unhydrotreated poly-a- 
olefin oligomers, i.e., hydrogenated or unhydrogenated products, primarily trimers, tetramers and pentamers of oc-olefin 
monomers, which monomers contain from 6 to 12, generally 8 to 12 and most preferably about 10 carbon atoms. Their 
synthesis is outlined in Hydrocarbon Processing. Feb. 1982, page 75 et seq., and In U.S. Pat Nos. 3,763,244; 
3,780,128; 4,172,855; 4,218,330; and 4,950,822. The usual process essentially comprises catalytic allgamerization of 

<5 short chain linear alpha olefins (suitably obtained by catalytic treatment of ethylene). The poly-a-olefins used as carriers 
will usually have a viscosity (measured at 100°C) in the range of 2 to 20 centistokes (cSt). Preferably, the poly-a-olefin 
has a viscosity of at least 8 cSt, and most preferably about 10 cSt at 100°C. 

[0051] The poly (oxyalkylene) compounds which are among the preferred carrier fluids for use in this Invention are 
fuel-soluble compounds which can be represented by the following formula 



R A-<RB-0)n-R c 



wherein R A is typically a hydrogen, alkoxy, cycloalkoxy, hydroxy, amino, hydrocarbyl (e.g., alkyl, cycloalkyl, aryl. alky- 
laryl, aralkyl, etc.), amino-substituted hydrocarbyl, or hydroxy-substituted hydrocarbyl group, Ffe is an alkylene group 
having 2-10 carbon atoms (preferably 2-4 carbon atoms), Is typically a hydrogen, alkoxy, cycloalkoxy, hydroxy, 
amino, hydrocarbyl (e.g., alkyl, cycloalkyl, aryl, alkylaryl. aralkyl, etc.), amino-substituted hydrocarbyl. or hydroxy-sur> 
sUtuted hydrocarbyl group, and n is an integer from 1 to 500 and preferably in the range of from 3 to 120 representing 
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m. number (ueoalf, an number, of repeating Ir&tSSKSE 

g roupa. Rb cai be .he same or different alkytene group and wbe™ "J,™ ZSn^tn, a" alcoho. w«h 
Lfeaed %*, (oxyalk,!**,) compound, are monoola °< b"We"e oada. 

one or more elkylene o»om. preferably one alkytene o«te. mo« < ^^ n ^ e ftlids ^pnftnM, in the 

^^^^^^^^^^^■'^^^ 

jtoT^XroupmP^ 

™A prefer** aut-group <* poly (rocy^l compeer* te ^"^^^^1 

18 carbon atoms, are particularly preferred. invention preferably have viscosities in their undi- 

[0055] The poly (oxyalkytene) earners used .n the pre cbee of to* ^jnton | prere rao jy ^ 
Ud state of at least about 60 cSt at 4^C (more P^rebly at ^^JJ^Jg^poundi u-d in the 
at 100»C (more preferably at least about 13 cSt at 100'C . hM< £ » 2JE "about 400 cSt at 40-C and 

derivatives thereof that satisfy the above viscosity requirements J de with or without 

reacting an alcohol or polyalcohol with an alk yte ne ox.de, uch as ^^VSl groups in the molecule 
use of ethylene oxide, and especially products .n whrch at least 80 ^t^S^i) compounds are re- 

reference. .rouanl to this invention will contain a sufficient number of 

a^^;is=r^-.^ — - — - -* 

(oxyalkylene) compound gasoline soluble. invention include those taught in U.S. Patent 

^Cr^en-ao^r^^ 

The potyalkene* of the preaenl r^,^T;,™SS™i polybutenee ha»e a number average 
prererred embodiment, the potyalkene. have a MVVD i of 1* or I Below. wererre p y d ^ , p,^,,,™ 

Lindi. M ualWo,in«nou..ub^bi^ 
the possibility of blending errors. ^^nri*^* a method for controlling injector deposits in a 

- StSSSESSSSBssBsasss 
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additive or lop treat for addition to the fuel in the vehicle or fuel storage facility. 

[0065] Another preferred embodiment of the present invention comprises fuel compositions containing the fuel-sol- 
uble additives (b) described herein. 

s EXAMPLES 

[0066] The practice and advantages of this invention are demonstrated by the following examples which are pre- 
sented for purposes of illustration and not (imitation. 

[0067] To demonstrate the effectiveness of the additive systems of the present invention in reducing deposits in direct 
10 Injection gasoline engines, tests were conducted In a 1982 Nissan Z22e (2.2 liter) dual-sparkplug, four-cylinder engine 
modified to run in a homogeneous direct injection mode, at a fuel rich lambda of 0.8 to accelerate Injector deposit 
formation. Details of this test are set forth in Aradl, A. A, Imoehl, B., Avery, N. L, Weils, P. R, and Grosser, R. W; "The 
Effect of Fuel Composition and Engine Operating Parameters on injector Deposits in a High-Pressure Direct Injection 
Gasoline (DIG) Research Engine" SAE Technical Paper 1999-01-3690 (1999). 
15 [0068] Modifications to the engine included replacing the exhaust-side spark plugs with pre-production high-pressure 
common rail direct Injectors, removing the OEM spark and fuel system, and Installing a high-pressure fuel system and 
universal engine controller. Table 1 summarizes the specifications of the modified test engine. For homogeneous com- 
bustion, flat-top pistons and the conventional gasoline spark ignition combustion chamber design were found to be 
sufficient for this type of research work. The injectors were located on the hot (i.e. exhaust) side of the engine to favor 
20 high tip temperatures to promote injector deposit. 

[0069] The rate of Injector deposit formation was evaluated through the use of this specially developed steady-state 
engine test. Engine operating conditions for each test point were determined by mapping injector tip temperatures 
throughout the engine operating map range. The injectors were modified with thermocouples at the tip. Key parameters 
were inlet air and fuel temperatures, engine speed, and engine load. The Inlet air and foel temperatures were subse- 
ts quently controlled at 35 °C and 32 °C, respectively. 



Table 1: 



Test Engine Specifications 


Type 


Four Cylinder In-Une 2.2 L Nissan Engine Converted for Dl Operation 


Displacement 


2187 cubic centimeters 


Plugs/cylinder 


1 (stock configuration: 2) 


Valves/cylinder 


2 


Bare 


87 millimeters 


Stroke 


92 millimeters 


Fuel System 


Common Rail High Pressure Direct Injection 


Fuel Pressure 


6900 kPa (closed loop) 


Engine Controller 


Universal Laboratory System 


Injection Timing 


300 degrees BTDC 


Coolant Temperature (°C) 


85 


Oil Temperature ( C C) 


95 



[0070] At constant inlet air/fuel temperature and engine load, tip temperature remained constant at engine speeds 
of 1500, 2000, 2500, and 3000 rpm. However, at constant engine speed, tip temperatures increase with load. For five 
so load points, 200, 300, 400, 500, and 600 mg/stroke air charge, Increasing tip temperatures of 120, 140, 157, 173, and 
184 °C, respectively, were observed for each load. 

[0071] Through previous research, it was determined that a Up temperature of 173 °C provided optimum conditions 
for Injector deposit formation In this engine. Table 2 sets forth the key test conditions used in performing the evaluation 
of the additives of the present Invention. 

55 
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Table 2: 



10 



15 



20 



25 



30 



Key Test Conditions 


Engine Speed (rpm) 


2500 


Inlet Air Temp. (°C) 


35 


Inlet Fuel Temp. (°C) 


32 


Exit Coolant Temp. ( ft C) 


85 


Exit Oil Temp. (°C) 


95 


Load {mg air/stroke) 


500 


Injector Tip Temp. (°C) 


173 



l0 072] The test was divided into three periods: ^TneThrotUe'was manipulated to control air 

speed was controlled using the engine ^^f^^^, a oLS-loop control system. Engine fueling was 
charge using a standard automotive ^^"££5Z called «*» a standafd * ^TSL 



r vvrw i ■ — w 



35 



40 



100741 id neip miniiiiK-a m.jw~~-. — j- . 

engine load, with each injector always in the same finder. by ^ foUowi general 

puVs] The additives of the invention ^^^mTSSl^ monooarboxylic acid (setforth in Table 
procedure: In a reaction flask equipped wrth ^^^^"J^ forth In Table 3) wass.owfy added to fre add/ 
3) was dissolved In the solvent xylenes. White stirring, a " ^ ted upon add itlon of the amine. The 

xylenes solution in the molar proportions set forth In Table ,3 Meai w, ^ ted ^ therea ction was removed 

SStonmixture was then heated ^^^^S^ZSS^M^^ trap, increasing the re- 
by azeotropic distillation. Xylenes and water were J^S Sua Uo 2 times the number of moles of the 

actL temperature to approximately^ »a Once a ^amount ^tsottoe flask allowed to coo. 

reactant acid was distilled off the , ? adtan ^l^mo^d bv vacuum distillation. 



Z^^^^T^^ removed by vacuum d.tiltetion. 



Table 3 
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Table 3: (continued) 



Deposit Control Additives 



Deposit Control Additive 



Monocarboxylic Acid 



Amine 



Mole ratio of Acid: Amine 



10 



TOFA: Tall oil fatty acid 
MO-SN: Mixture of saturated and unsaturated fatty acids commercially available from Arizona Chemical 
Naphthenic Acid: Mixture of saturated cyclic carboxylic acids commercially available from Meiichem Company. 
AEAE: 2-(2-aminoethylamino) ethanol 
DETA: Diethylenetriamine 
TEPA: Tetraethylenepentamine 



15 



20 



25 



[0076] Gasoline fuel compositions were subjected to the above-described engine tests whereby the substantial ef- 
fectiveness of these compositions in minimizing injector deposit formation was conclusively demonstrated. The fuel 
used for these tests was a Howell EEE fuel having a T^, (°C) of 160, an olefin content of 1.2% and a sulfur content of 
20 ppm. The injector deposit control additives used, the percent flaw loss and the improvement In flow loss compared 
to base fuel are set forth in Table 4. The base fuel flow toss used to demonstrate the flow loss improvement of the 
additized fuels was the average of the nearest, in time, base fuel runs before and after the addrtized fuel run. 

Table 4: 



Keep Clean Performance. 


Run 


Deposit Control Additive 


Additive Treat Rate 
<PTB) 


Average Flow Loss (avg. 
of 4 injectors after 12 
hours, %) 


Flow Loss Improvement 
(%) 


1 


1 


3.0 


1.7 


93.0 


2 


1 


2.0 


3.0 


88.4 


3 


2 


2.0 


1.8 


91.9 


4 


3 


2.0 


2.9 


87.1 


5 


4 


2.0 


4.0 


84.5 


6 


5 


2.0 


0.3 


98.8 


7 


6 


2.0 


0.9 


95.9 


8 


6 


1.0 


3.3 


84.1 


9 


6 


0.5 


6.2 


70.0 


10 


7 


2.0 


2.0 


91.1 


11 


8 


1.0 


3.8 


71.4 


12 


9 


2.0 


-0.5 


102.1 


13 


9 


1.0 


2.4 


88.4 


14 


10 


3.0 


3.6 


87.1 



30 
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[0077] It is clear that the fuel compositions of the present invention exhibit significantly reduced volume of injector 
deposits as evidenced by the reduced amount of flow loss exhibited in injectors operated on fuels containing the ad- 
ditives of the present invention compared to base fuel. 

[0078] The ability of the additives of the present invention to clean up dirty injectors is demonstrated In the following 
examples. The Nissan DIG engine was run for 12 hours on unadditized fuel as described above. Next, with the dirty 
injectors undisturbed, the engine was run for 12 hours on base fuel plus additive. Conditions were the same for both 
the dirty-up and clean-up phases of the lest. The results of the Clean Up are shown in Table 5 in terms of percent flow 
restored to the dirty injectors. 
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Table 5: 



f Injector Clean Up 


Deposit Control Additive 


Additive Treat Rate (PTB) 


Flow Restored (%) 


1 | 


1.0 


59.1 


1 


2.0 


67.8 


6 


1.0 


51.3 



[00791 |tlscteartomth B abovaTabl85,that^ 

reduce the volume of Injector deposits and restore flow to the injectors^ anvwhere In the 

[0080] It Is to be understood that the reactants and components referred to by che<nlcal name^ anywhere Mnr the 
sp«ScaUon or claims hereof, whether referred to in the singular or plural, are "^J^SS! el ft 

into contact with another substance referred to by chemical name or chemical type {e.g.. base fuel. wWenUeteO.l 
r^ not what chemical changes. transformations and/or reactions, if any. take ptece In the resultin , mixtone or 
button or reaction medium as such changes, transformations and/or reactions are the he 
specified reactants and/or components together under the conditions called for pursuant to ths ^osure. Thus he 
reactants and components are identified as ingredients to be brought together either .n performing a desi ed chemical 
S?( iS. - a ^annich condensation reactbn) or In forming a desired composition (such as an addftta , concen- 
ter additlzed fuel blend), it will also be recognized that the additive components can be added or Wended into o 
Sh the base fuels individually per se and/or as components used in forming preformed addrtive andfor 
^combinations. Accordingly, even though the claims hereinafter may refer to substances, ™pen«o 
gredS in the present tense (-comprises", "is", etc.). the reference is to the substance components or Wd«nt» 
I Ssted at the time lust before it was first blended or mixed with one or more other substances components and/or 
fngSfeni In aJoTmance wfth the present disclosure. The fact that me substance, components o, Mngredient may have 
tost original identity through a chemical reaction or transformation during the «>u«e of such IMJVMJ 
operations i k thus wholly immaterial for an accurate understanding and appreciation of this d.sclosure and the da,ms 

Som/' Asusedherelnthaterm-fual-soluble-or-gasollne^oluble-meansthatthesute 

be sufficiently soluble at 20" C In the base fuel selected for use to reach at least the minimum 

to enable the substance to serve its intended function. Preferably, the substance w.ll have a substantially greater 

soluS in the base fuel than this. However, the substance need not dissolve in the base fuel m a« Proportion^ 

S At numerous places tomughout this specification, reference has been made to a number of U.S. Patents. All 

such cited documents are expressly incorporated In full into this disclosure as if fully set forth herein 

ro0831 TOslnvention is susceptible to considerable variation in its practice. Therefore the foregoing desenphon is 

55L*d 'to Zt and should not be construed as limiting, the invention to the particular exempliflcahons presented 

he reto above .Rather, what is intended to be covered is as set forth in the ensuing claims and the equivalents thereof 

permitted as a matter of law. 



Claims 



1 A process for controlling deposits in a direct Injection gasoline engine which compnses 'ntroduongj '"to a direct 
injection gasoline engine with the combustion intake charge a spark-ignition fuel composition compns.ng a) a 
spafwLn fuel and b) a fuel-soluble compound comprising the reaction products obtamable by reacting (i) a 
monocarboxylic acid of the formula: 



o 
I! 

Ri C — OH 



wherein R 1 is a saturated or unsaturated linear, branched or cyclic. hydrocarbyl 9«oup; and (ii) an amine of 
the formula NH 2 -CH 2 -CH r NH-R 2 . wherein R 2 comprises (C^H^ . wherein x = 2 or 3. y = 0-4 and Z - NH orO. 
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2. The process of claim 1 wherein the fuel composition further comprises at least one amine detergent selected from 
nitrogen-containing derivatives of hydrocarbyl succinic acylating agents, Mannich condensation products, hydro- 
carbyl amines and polyetheramlnes. 

3. A fuel composition comprising a) a spark-ignition fuel; b) the reaction products obtainable by reacting (i) a mono- 
carboxylic add of the formula: 



o 

II 

Ri C — OH 



wherein R 1 is a saturated or unsaturated, linear, branched or cyclic, 07.23 hydrocarbyl group; and (ii) an amine of 
the formula NHj-CH^h^-NH-F^, wherein R 2 Is a group of formula (C x K2^)yH, wherein x = 2 or 3, y = 0-4 and 
Z = NH or O; and c) an amine detergent selected from nitrogen-containing derivatives of hydrocarbyl succinic 
acylating agents, Mannich condensation products, hydrocarbyl amines and polyetheramines. 

4. A process according to claim 1 or a composition according to claim 3, wherein the spark-Ignition fuel composition 
comprises the fuel-soluble compound (b) in proportions effective to reduce the volume of injector deposits in a 
direct injection gasoline engine operated on a spark-ignition fuel containing an injector deposit-controlling amount 
of said fuel-soluble compound (b) to below the volume of injector deposits in said direct injection gasoline engine 
operated In the same manner on the same spark-ignition fuel except that It is devoid of a fuel-soluble compound (b). 

5. A process or composition according to any of the preceding claims, wherein the spark-ignition fuel comprises 
gasoline. 

6. A process or composition according to any of the preceding claims, wherein the spark-ignition fuel comprises a 
blend of hydrocarbons of the gasoline boiling range and a fuel-soluble oxygenated compound. 

7. A process or composition according to any of the preceding claims, wherein the fuel-soluble compound (b) has 
an Iodine Value of 150 or less. 

8. A process or composition according to claim 7, wherein the fuel-soluble compound (b) has an Iodine Value of 125 
or less. 

9. A process or composition according to claim 8, wherein the fuel-soluble compound (b) has an Iodine Value of 75 
or less. 

10. A process or composition according to claim 9, wherein the fuel-soluble compound (b) has an Iodine Value of 25 
or less. 

11. A process or composition according to claim 10, wherein the fuel-soluble compound (b) has an Iodine Value of 5 
or less. 

12. A process or composition according to any of the preceding claims, wherein the monocarboxylic acid of compound 
(b) comprises a saturated monocarboxylic acid. 

13. A process or composition according to any of the preceding claims, wherein the monocarboxylic acid comprises 
Isostearic acid, 2-ethylhexanoic acid or naphthenlc acid. 

14. A process or composition according to any of the preceding claims, wherein the monocarboxylic acid is saturated. 

15. A process or composition according to any of the preceding claims, wherein the fuel-soluble compound (b) is 
present in an amount sufficient to provide 0.1-15 pounds by weight of compound (b) per thousand barrels by 
volume of fuel. 
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16. A process or composition according to any of the preceding claims, wherein the fuel composition further comprises 
a carrier fluid selected from 1) a mineral oil or a blend of mineral oils that have a viscosity index of less than 120, 
2) one or more poly-a-olefin oligomers, 3) one or more poly (oxyalkyiene) compounds having an average molecular 
weight in the range of 500 to 3000, 4) one or more polyalkenes, 5) one or more polyalkyl-substituted hydroxyaro- 
matic compounds and 6) mixtures thereof. 

17. A process or composition according to claim 16, wherein the carrier fluid comprises at least one poly (oxyalkyiene) 
compound. 

18. A process or composition according to any of the preceding claims, wherein the fuel composition further comprises 
at least one additive selected from antioxidants, carrier fluids, metal deactivators, dyes, markers, corrosion inhib- 
itors, biocides, antistatic additives, drag reducing agents, demulsffiers, emulsifiers, dehazers, anti-icing additives, 
antiknock additives, anti-valve-seat recession additives, lubricity additives, surfactants and combustion improvers. 

19. A process for controlling deposits in a direct injection gasoline engine comprising adding to a spark-ignition fuel 
a) a fuel-soluble compound b) comprising the reaction products obtainable by reacting (i) a monocarboxyiic acid 
of the formula: 



O 

H 

R L C— OH 



wherein R 1 is a saturated or unsaturated, linear, branched or cyclic, hydrocarbyl group; and (ii) an amine of 
the formula NH^H^CH^NH-R^ wherein Rj> comprises (C^H^yH, wherein x = 2 or 3, y = 0-4 and Z = NH or 
O; and operating a direct injection gasoline engine using said fuel containing b). 

20. Use of a composition as defined in claim 1 as a fuel in direct injection gasoline engines to control deposits. 

21. Use according to claim 20 of a composition according to any one of claims 4 to 18. 

22. Use of a fuel-soluble compound b) comprising the reaction products obtainable by reacting (0 a monocarboxyiic 
acid of the formula: 

o 

II 

Ri C — OH 

wherein R 1 Is a saturated or unsaturated, linear, branched or cyclic, 07.23 hydrocarbyl group; and (ii) an amine of 
the formula NH 2 -CH 2 -CH2-NH-R 2 , wherein R 2 comprises (C^H^yH, wherein x = 2 or 3, y = 0-4 and Z = NH or 
O; as a fuel additive to control deposits in direct injection gasoline engines. 
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